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ABSTRACT 
This paper presents the analysis of the effect of urban green space types on land surface 
temperature in Hue city. Data are collected with temperature monitoring results from each green 
space type and the interpretation of surface temperature based on Landsat 8 satellite image data 
to determine temperatures at different times of the year. Results showed that there was a 
significant correlation between types of urban green space and the surface temperature. Types of 
green space with a large area and vegetation indexes have a greater effect on temperature than 
areas with a smaller green space do. Green space types including forest green space, dedicated 
green space and agriculture green space have the most effect on the surface temperature. The 
forest area has the greatest influence on the temperature with a temperature difference of more 
than 1.6 degrees Celsius at 9:00 in the daytime. Besides, the results extracted from satellite 
images also show that the area of urban green space going to be reduced makes a contribution to 
increase the surface temperature of urban areas. The study results have established foundation 
for planning the green spaces in climate change challenges in Hue City. 
Keywords: green space, Hue city, land surface temperature, Landsat 8.  
1. INTRODUCTION 
Land surface temperature (LST) is a universal and important parameter for characterizing 
the urban thermal environment and was utilized in various fields of studies (climate, agriculture, 
bio-geo-chemistry), particularly, in urban human comfort researches [1]. The LST of urban 
surface corresponds closely to the characteristic structure, and distribution of land use and land 
cover, especially the green space features [2]. Many studies have showed that green space plays 
an effective role in changing temperature through creating shade, providing higher 
evapotranspiration and increasing the comfort for urban residents. In addition, green space is 
recognized as a key component of urban planning to reduce air pollution and adapt to climate 
change [1, 2]. Studies on the relationship between LST and green space have been discussed in 
the past two decades and mainly concentrated in analyzing the size, shape, composition, spatial 
characteristics, and configuration of green space [3]. However, few studies have explored the 
relationships between urban green space and LST across the multi-seasons and at different urban 
green space types [3, 4].  
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Under challenges of rapid urbanization and risk of climate change and natural disasters, the 
green space in Hue city is gradually decreasing resulted in increasing the urban temperature due 
to occurrence of impervious surface. This city is approaching the green city action by integrating 
urban development with environmental planning to improve livability and resilience which focus 
on natural and historical landscape preservation and green space development. 
This paper applies Landsat 8 satellite data to study for Hue city on: (1) detecting and 
analyzing the distribution of urban green space; (2) deriving LST in multi-seasonal and (3) 
analyzing the spatial and temporal distribution of LST in relationship with the green space and 
the capacity in reducing temperature of some green space features. The time period utilized for 
this study is the little rainy and rainy seasons of 2016 and 2017, respectively.      
2. MATERIALS AND METHODS 
2.1. Study area 
Hue city - the heritage city of Thua Thien Hue 
province, is located in the center of Vietnam with an area 
of 71.69 km
2
 and urban population of 355,095 person 
(2016) (Fig. 1). The region is characterized by a tropical 
climate, two seasons with little rainy and rainy season. In 
which, the rainy season extends each year from August to 
January with the average temperature of 20 – 22 oC. While 
the little rainy season extends from February to July, with 
the average temperatures of 27 - 29
 o
C and the highest 
temperature is about 38 - 40 
o
C in May and June.  
2.2. Data preparation 
In this study, time series satellite images and 
monitoring temperature data were collected for 
analyzing the effects of urban green space to land 
surface temperature of Hue city by duration and 
distance. In which, urban green space and land surface temperature were investigated by image 
classification of multi-seasonal Landsat 8 OLI/TIRS images (little rainy season 2
nd
 May of 2016 
and rainy season 29
th
 January 2017) with scene cloud cover of under 10 % acquiring from the 
USGS (United States Geological Survey). The acquired scenes’ time is at 10:12 AM. Existing 
GIS data were also collected as administrative maps for this analysis. The spatial data image was 
projected in to the VN-2000 coordinate system using topographic sheet and Google Earth.  
2.3. Urban green spaces extraction 
There are different ways to classify urban green space, such as its size, how people use it, 
its locations, its intended function and services, etc. [3, 4]. In this paper, under considering the 
study specificity, the feasibility of Landsat imageries extraction and the value of green space 
utilization, the green space of Hue city were classified into seven types as defined in Table 1. 
Urban green space types were extracted by supervised classification of Landsat 8 OLI 
including 30 m multispectral bands. The image analysis was performed in ArcGIS Desktop 10.2. 
This classification method used the training sample data as a mean of estimating the average and 
Figure 1. Location of study area. 
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variance if each green space type class. The Maximum Likelihood algorithm was employed to 
detect the unique green space type. In addition, Google Earth maps with higher spatial resolution 
were integrated to identify the type of green space. Fieldwork conducted during April 2017 
resulted in the acquisition of 150 ground truth references for accuracy assessment. 
Table 1. Urban green space types and theirs descriptions. 
Type of green space Descriptions 
Park Green Space (PGS)  Park, flower park, monuments, squares  
Road Green Space (RGS) Boulevard; green spaces on the side of road  
Dedicated Green Space 
(DGS) 
Green spaces on the commercial, residential; areas and institutions  
Forest Green Space (FGS) Protection forest, production forest  
Water Green Space (WGS) River, canal, specialized water surface, regulating lake 
Agricultural Green Space (AGS)  Nursery, paddy land, annual crop land, perennial land  
Other Green Space (OGS)  Grass land and other green space types not belonging to any 
of the above types 
2.4. Land surface temperature extraction  
The Land surface temperature was extract based on four main steps: (1) Conversion of DN 
values to at-sensor spectral radiance, (2) Conversion of at-sensor spectral radiance to at-sensor 
brightness temperature (TB), (3) Estimation of Land Surface Emissivity (LSE) and (4) Extraction 
of Land surface temperature (LST). The equation of conversion LST was utilized to map those 
parameters indicated in following formula [2, 5]. 
 
where: TB: At-sensor brightness temperature (Kelvin), λ: wavelength of emitted radiance, ρ: hc/δ 
(1.438 × 10
2mK) = 14380, h: Plank’s constant (6.626 × 10-34Js), c: velocity of light (2.998 × 10
8
 
m/s), δ: Boltzmann’s constant (1.38 × 108 m/s), ε: Land Surface Emissivity (LSE). 
The air temperature data monitored from two national meteorological stations and local 
temperature points data measured from the field survey were used to validate the retrieved LST 
from Landsat 8 image and analyze the correlation between urban green space type and land 
surface temperature of Hue city. In which, the local temperature data was automatically 
measured from 32 thermal sensors offering repeatly 10 minute//times in the whole day for 
ensuring the correspondence to the time of satellite images acquirement (Fig. 1).  
2.5. Comparative Analysis of urban green spaces and Land surface temperature 
The NDVI (Normalized Difference Vegetation Index) was used to estimating of LSE and 
describe the amount of urban green spaces and growth status. High values of NDVI tend to 
correlate with more vegetation and good condition of vegetation. NDVI and LST then were 
conducted by the comparative analysis for examining the correlation in dry and rainy season. In 
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order to further analyze, the correlation between LST and NDVI in each urban green space type 
was also clarified. The scatter plots of NDVI and LST across different seasons and urban green 
space types were depicted in Microsoft Excel. Moreover, to examine whether urban green space 
features is enable to decrease the LST, a spatial analysis with buffer of 50 m and 100 m for the 
urban green space features with large cover area as AGS, WGS and PGS was conducted. 
3. RESULTS AND DISCUSSION 
3.1. Distribution of urban green space in Hue city 
The spatial distribution of urban green space in Hue city is shown in Figure 2a. The total 
area of green space is distributed across 4339.9 ha (61.4 % total natural area), all are located 
mainly in the northwest and southwest of city. As showed in Figure 2b, the Other Green Space 
(OGS) were observed to have the smallest area, while the Dedicated Green Space (DGS) had the 
largest. The kappa coefficients were extracted with good agreement at 0.82. 
 
 
Figure 2. Spatial distribution of urban green space (a) and its proportion (b). 
3.2. Spatial distribution of LST  
 
 
 
Figure 3. The LST of Hue city in little rainy season (a) and in rainy season (b). 
(b) 
(a) 
 
(b) 
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The LST in Figure 3 shows the contrasts between surface temperatures for different 
seasons. The average LST of study area was 27.31 C and 19.51 C in little rainy and rainy 
season, respectively. The temperature amplitude in the little rainy season is at 6.5 C while in 
rainy season is at 10.1 C. The results showed that the average satellite-bases LST was 
approximately just 0.6 - 1.6 C lower than the average air temperature, which was considered 
good agreement for the image interpretation accuracy. 
The temperature monitoring results of green space types feature in two typical areas of 
Huong river bank is showed in Figure 4. The temperature of green space features in North of 
Huong River area are lower than that in South of Huong River about 0.2 - 0.5 C, which was 
reasonable for the occurrence of high density of pond, moat and road green tree systems in the 
Hue Citadel. From the Figure 4, it indicated a general trend of changing the temperature 
amplitude per hour in each type of urban green space. Specifically, in the northern of Huong 
River (Fig. 4a), between 23:00 PM-2:00 AM, 9:00 AM-11:00 PM, 3:00 PM-6:00 PM, there was 
a significant variation of temperature in range of 0.10 - 0.19 C (0.16 - 0.47 %), 0.4 - 0.65 C 
(0.44 - 1.96 %) and 0.40 - 0.86 C (1.71 - 3.22 %), respectively. 
 
 
Figure 4. Temperature variation in the types of green space during the day 
(a) North of Huong river area, (b) South of Huong River area. 
3.3. The effects of urban green space on LST 
  
Figure 5. The correlation between LST and NDVI in little rainy season (a) and rainy season (b). 
From the Figures 2 and 3, it showed the highest temperature is in the central area with high 
construction density, while the low temperature is distributed in the southwest and northwest 
corresponding to the occurrence of green space types of AGS and FGS. The temperature 
difference in area with green space and without green space features is about 6.47 
0
C. The LST 
of water areas, parks and urban construction have marked variations in temperature between     
25 
0
C and 30 
0
C in summer and 18 
0
C to 24 
0
C in winter. The effects of urban green space to 
LST was explored by analyzing the correlation between LST and NDVI with the regression 
(a) (b) 
(a) (b) 
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models. The results indicated that mean NDVI of each green space feature was significantly 
negatively correlated to LST (Fig. 5). 
In which, the NDVI of RGS, DGS and AGS had a strong correlation with LST with the 
value of R
2 
at 0.93, 0.97 and 0.97, respectively (Figure 6). Thus, it indicated that higher NDVI 
values of urban green space can lead to lower LST in the urban city.  
.  
 
Figure 6. The correlation LST and NDVI across different urban green space: AGS (a) and FGS (b).  
The high NDVI values are located in the suburban coresponding to the distribution of FGS, 
AGS. Those areas which had high NDVI (>0.4) and cover area over 500 m
2
, the relationship 
between urban green space and LST is significant in reducing temperarure. Especially, the urban 
green space features dictributing close to the WGS which considered very effective in reducing 
urban heat. 
The results of LST buffer analysis with 50 m and 100 m distance in each green space 
revealed that there was a relative effective in reducing urban heat. In distance of 50 m, the 
temperature increase of 1
0
C while in distance of 100 m the temperature increase in range of 2-
3
0
C in AGS, FGS and PGS features. The areas occurring the WGS features, it is possible to 
improve the reduction of temperature in both seasons. Especially, if the PGS feature is 
neighbored with the WGS features, it is enable to reduce the temperature from 1-2 
0
C in distance 
of 50 m. In addition, the shape of urban green space also has a positive effect on the LST, in 
which the green space with linear shape and low NDVI value will be less effective on reducing 
the temperature. 
4. CONCLUSIONS 
With the support of multi-temporal Landsat OLI/TIRS images, field data and comparative 
approach were used to quantitatively examine the effects of green space on LST in Hue city. The 
results showed the urban green space has a significant cooling effect in both seasons. The 
difference of LST between occurrence and incurrence of urban green spaces was significant, i.e. 
of about 6.47 
0
C. The lowest LST was found in AGS and FGS while urban construction area has 
the highest LST. The urban green space with large over area and high NDVI value showed a 
wider range of thermal reduction. Most of green spaces types at a distance of 100 m from the 
outer boundaries have high temperature. The research results have provided useful information 
for planners to allocate green spaces for sustainable urban development strategies adapting to 
climate change and rapid urbanization of Hue city. 
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